Several strains of halotolerant bacteria from North America were compared for 125 characteristics. Although these organisms had several characteristics in common, they are a relatively heterogeneous group. The 12 strains could be divided into at least three and perhaps as many as five taxa. Halomonas elongata ATCC 33173T (T = type strain) and "Pseudomonas halodurans" ATCC 29686T had 79% phenotypic similarity, indicating that these organisms are probably separate species of the same genus. We conclude that this relationship is sufficieat to warrant assignment of "Pseudomonas halodurans" to the genus Halomonas as Halomons halodurans sp. nov., nom rev., comb nov.
Since 1976 various authors have isolated over 200 halotolerant (euryhaline) bacterial strains as con taminan t s on high-salt media (6) from Antarctic dry valley soils (7), from hypersaline soils (4, 8, 9) , and from solar evaporation ponds in Spain (13), in the Netherlands Antilles (15), in Great Bay Estuary in New Hampshire (ll), and in the Dead Sea (10).
Despite the availability of these isolates, there have been few taxonomic characterizations and comparisons of halotolerant bacteria. To date only two aerobic salt-tolerant bacteria, Halomonas elongata (15) and "Pseudomonas hafodurans" (ll), have been characterized well enough to be described, but even these two species have not been compared. Other isolates were not characterized sufficiently for specific identification (6, 8, 9, 11, 13) or were identified only to the genus level (7).
We compared 12 euryhaline bacterial strains isolated in North America in an effort to determine whether salttolerant bacteria possess common characteristics which may relate to both their mechanism of salt tolerance and their taxonomy.
MATERIALS AND METHODS
The strains used in this study and their sources are shown in Table 1 . All of these strains are halotolerant (euryhaline) organisms according to the terminology of Martin et al. (5) . Cultures were maintained on the complex Casamino Acids (CAS) medium of Abram and Gibbons (3), as modified by Vreeland et al. (16) , supplemented with 8% NaC1.
Unless otherwise stated, the incubation temperature was 30"C, and stock cultures were stored at 4°C.
Colonial morphology was determined after growth for 24 h on CAS agar supplemented with 8% NaC1. Gram stains were performed on 24-h-old cultures by using the Burke modification (12) of the Gram stain method. Decolorizing was accomplished by using ethanol-acetone (5050, vol/vol). Cell motility was determined by microscopic examination of wet mounts of 24-to 48-h-old cells from broth cultures (12).
Biochemical tests. Ornithine decarboxylase, lysine decarboxylase, urease, and beta-galactosidase activities, utilization of malonate, esculin, arabinose, inositol, and sorbitol, indole and H2S production, nitrate reduction, and acetylmethyl carbinol production were determined by using the Micro-I.D. test system (General Diagnostics, Div. War-* Corresponding author.
ner-Lambert Co., Morris Plains, N.J.) according to the instructions of the manufacturer. The ability to ferment D-galactose, lactose, dextrose, D-arabinose, D-ribose, Dxylose, mannose, inositol, and D-fructose was tested in phenol red broth base (Difco Laboratories, Detroit, Mich.) prepared with 8% NaCl and supplemented with 10 g of carbohydrate per liter of medium. Media containing carbohydrates were sterilized by autoclaving for 15 min at 121°C.
Sole carbon source utilization was tested in the chemically defined basal salts medium of Vreeland and Martin (16) , as modified by Vreeland et al. (14) .
Salt tolerance and temperature ranges for growth were tested in CAS medium. Each salt concentration (0, 3.5, 8.0, 15, 20, and 32%, wthol) was tested at each temperature (4, 22, 30, 37, and 45°C) . After 2 weeks, tubes without visible growth and tubes in which growth was questionable were incubated at 30°C for an additional 2 weeks to determine whether the apparent inhibition had been lethal. Strains that resumed active growth during this period were considered to have survived the inhibitory conditions; those that did not resume growth were considered to have been killed by the salt and temperature regimen.
Computer analysis. The results of all tests were encoded for analysis both by single-linkage analysis of positive matches and by matching coefficients, using both positive and negative test results. The analysis included 125 features per strain. The computer analyses were performed by M. Krichevsky at the National Institutes of Health.
RESULTS
All of the strains used in this study had similar cellular and colonial morphology. The strains produced a heavy even turbidity without sediment in CAS medium that contained 8% NaCl and was incubated at 30°C. Strains 19A and 61 produced light yellow colonies; the other 10 strains produced white colonies.
Biochemical characteristics. The strains were uniformly positive for production of ornithine decarboxylase and lysine decarboxylase, utilization of malonate, and production of urease. All strains were negative for acetylmethyl carbinol production, nitrate reduction, production of phenylalanine deaminase, H2S, and indole, and utilization of arabinose, inositol, adonitol, and sorbitol. All 12 strains produced acid from D-galactose, dextrose, D-arabinose, D-ribose, Dxylose, and D-fructose. None produced gas from any of the sugars tested. 
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The only tests which were useful for differentiating these strains were esculin hydrolysis ("P. haloduruns" and all of the H . elongata strains were positive) and the presence of beta-galactosidase (all H . elongata strains and strain 30 gave positive results). Only strains 61, 1H9T, 1H11, and 1H15 produced acid from mannose, and only strains 30,66, and 61 produced acid from lactose. The use of sole carbon sources proved to be a characteristic which helped to differentiate the 12 strains ( Table 2) . Only L-glutamine, L-lysine, and proline were used by all of the strains. Palmitic acid was not used by any of the strains tested.
A significant level of similarity was evident between the three strains of H . elongata and the type strain of "P.
halodurans." These strains differed only in the utilization of heptadecanoic acid, L-tyrosine, and L-leucine. The H . elongata strains were the only organisms able to use heptadecanoic acid, whereas "P. halodurans '' and H . elongata strain l H l l were the only strains able to use inulin. The strains were able to grow over a wide range of temperatures and salt concentrations (Table 3 ). "P.
halodurans" and the three H . elongata strains were the most salt and temperature tolerant. These four strains grew in media without added NaCl or with as much as 20% NaCl at temperatures from 4 to 43°C. Only strain 30 was unable to none of the strains survived 32% NaCl at 4 and 43°C. Eleven did not survive for 2 weeks in 32% NaCl at 22"C, and nine did not survive in this salt concentration at 37°C. As previausly reported (15, 16), the temperature which yielded the optimum degree of salt tolerance was 30°C.
Computer analysis. A computer analysis of the data revealed that the 12 strains grouped into at least three phena (phena A, B, and C) (Fig. 1) . The most homogeneous group (phenon A) formed at the 80% level. This group contained the three H . elongata strains and "P. halodurans." Phenon A was virtually unrelated to any of the other eight strains. Phena B and C were heterogeneous groups of organisms which had low similarity coefficients (40 to 50%). Phenon B included strain 30 and strain HG, whereas phenon C consisted of strains 61, 19A, 66, and 21B (Fig. 1) . Phenon C was not completely formed until the 46% level and never joined the other two bacterial groups. Single-linkage analysis showed that strain 30 had 40 to 50% similarity to phenon C. Strains 51B and HP did not join any phenon at the analytical levels used in this study and may represent separate taxa.
DISCUSSION
The 12 strains produced remarkably similar colonies on the medium used, and all were positive for certain taxonomically important enzymes, such as lysine and ornithine decarboxylase and urease. All of the strains were oxidase negative and did not reduce nitrate, and all appeared to be nonfastidious bacteria which are able to use numerous carbon sources. The strains showed a great deal of temperature and salt tolerance. These properties should allow such bacteria to inhabit many environments and should be especially useful in littoral regions, estuaries, and tidal pools, where such environmental parameters change rapidly and frequently. Similar versatility has been demonstrated in the halotolerant organisms isolated from hypersaline soils and The relatively low levels of similarity indicate that the members of phena B and C are not related to each other at the species level. Strains 30 and HG may be related to each other and to Halomonas at the generic level, since phenon B joined Halomonas at the 53% level.
Within phenon C (strains 61, 19A, 66, and 21B), two strains, strains 19A and 66, are apparently related at the genus level, although we do not yet know the genus to which these strains belong. This phenon did not form until the 49% level and is a heterogeneous group which may contain representatives of several related genera.
Our data suggest that salt tolerance may be present in bacteria from several taxa which differ mostly in sole carbon source utilization and in salt tolerance.
Using a temperature of 20°C and media supplemented with 1.7% NaC1, Rosenberg (11) showed that "P. halodurans" clustered at the 70 to 74% similarity level with several Pseudomonas species. We found that the optimum NaCl concentration for growth of "P. halodurans" was 8% NaCl at 30°C. Under these conditions "P. halodurans" grouped with Halomonas at the 79% similarity level, which is well within the similarity levels suggested for species (1, 2). In medium containing 8% NaCl "P. halodurans" utilized inulin, produced urease, and grew on mannitol, creatine, and leucine. Rosenberg (1 1) originally reported negative results for these characteristics. Rosenberg (11) also reported NO3 reduction by "P. halodurarzs", whereas our test results were negative. This difference may reflect an effect of medium NaCl concentration on the phenotypic properties of salttolerant bacteria. Initially, the Halomonas strains (15) were not compared with non-salt-tolerant species, such as Pseudomonas, because all of the tests were done at NaCl concentrations which were optimal for Halomonas and lethal to pseudomonads. Likewise, "P. halodurans" originally was not compared with H . elongata because its salt tolerance was not recognized as important. H . elongata and "P. halodurans" showed significant similarity only when they were compared at their optimum salt concentrations. The effects of different NaCl concentrations on the phenotypes of salt-tolerant bacteria have not yet been examined. A recent series of experiments has shown that when tested at their optimum NaCl concentrations, salt-tolerant bacteria are resistant to most antibiotics, but the organisms become susceptible to the antibiotics at low salt concentrations (E. L. Martin, personal communication) . Recent work in our laboratory has demonstrated that up to 20% of the phenotypic characteristics of a strain may be altered if nonoptimum NaCl concentrations are used during testing (J. Huval and R. H. Vreeland, manuscript in preparation) .
Based upon the results reported here and the data of
Rosenberg (11) and Vreeland et al. (15) , we feel that "P.
halodurans" should be included in the genus Halomonas as Halomonas halodurans. The description of this species is based on that of Rosenberg (ll) , as emended from our data.
Halomonas halodurans sp. nov., nom. rev., comb nov. (ha. lo. dur'ans. Gr. n. hals, salt, the sea; L. v. durare, to last out, to endure; halodurans, to endure salt). This organism was first described as "Pseudomonas halodurans" by Rosenberg (11). Gram-negative rods, growing singly, in pairs, and in chains. Produces smooth, glistening, translucent white, convex colonies with entire edges that are 1 to 2 mm in diame'ter after 24 h at either 20 or 30°C on either Bacto-Marine agar without added NaCl or Casamino Acids medium supplemented with 8% NaCl. The optimal growth temperature is 20°C in media without NaCl and 30°C in media containing 8% NaC1. When tested in media containing either 1.7 or 8% NaCl, the species gives positive results for catalase, lysine decarboxylase, acid production from galactose, glucose, fructose, and ribose, and use of L-lysine as a sole carbon source. The species is also consistently negative for acetylmethyl carbinol production, H2S production, and indole production.
When tested in media containing 8% NaC1, the species is positive for urease, production of acid from arabinose and xylose, and utilization of inulin, mannitol, and creatine. If the tests are conducted in 1.7% NaC1, these same tests can be expected to yield negative results. In 1.7% NaCl the species reduces NO3 to NO2 but is negative for this test in 8% NaCl.
When grown in media containing 8% NaC1, the species is positive for esculin hydrolysis, ornithine decarboxylase, and malonate utilization. The species also uses L-glutamine, proline, pyruvic acid, glycine, glycerol, DL-glycerophosphate, L-alanine, DL-threonine, DL-tryptophan, mannitol, and leucine. The species is negative for phenylalanine deaminase, utilization of arabinose, inositol, adonitol, and sorbitol, beta-galactosidase, and acid production from mannose and lactose. This organism cannot use phenylalanine or methionine as a sole carbon source.
In media without salt, strains are susceptible to tetracycline (30 pg), streptomycin (10 pg), chloromycin (30 pg), polymixin B (30 kg), erythromycin (30 pg), and nalidixic acid (30 pg).
The guanine-plus-cytosine content of the deoxyribonucleic acid is 63.2 k 1.1 mol% (thermal denaturation and bouyant density methods).
The type strain of this species is strain ATCC 29686T which was isolated from Great Bay Estuary, New Hampshire. Differentiation of H. elongata and H . halodurans. H. elongata produces beta-galactosidase, utilizes DL-serine, L-cysteine, dihydrocholesterol, heptadecanoic acid, and Ltyrosine as sole carbon sources, whereas H . halodurans is negative for these characteristics. H . halodurans utilizes inulin, whereas H . elongata does not. These differential characteristics should be determined by using media containing 8% NaCl at 30°C.
